
? . 

I n t e r a n n u a l  V a r i a b i l i t y  of Mars' South P o l a r  Cap 

P h i l i p  B. James 
and 

K l a u s  M. Malolepszy 
Phys ics  D e  par  tmen t 

U n i v e r s i t y  of Missouri  - St.  Louis 
S t .  Louis ,  Missouri  63121 

and 

Leonard J. Mar t in  
Lowe 11 Observatory 
Flagstaff, Arizona 

i EASA-CB- 1802O7) I NT EEtAti P U  AL Y A  Fit1 AEILLIIY OF N u -  1 9 x 3  
HAES SOlJTH PC.Lbfi C A P  ( B i S E O u r i  Pniv.) 2 1  p 

CSCL 03B 
Unclas 

G3/91 43634 



Variab i l i ty  of Mars' South Cap 

Send correspondence to: 

Ph i l ip  B. James 
Physics Department 
University of Missouri-St. Louis 
St. Louis, MO 63121 

2 



Abs t rac t 

Telescopic data on the twentieth century regressions of Mars' south polar 

cap have been reexamined €or evidence of interannual variability. Several 

regressions, particularly that of 1956, are found to differ significantly from 

the mean. The possibil€ty of correlations with major duststoms is explored. 
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INTRODUCT TON 

William Herschel (1784) w a s  t h e  f i r s t  astronomer t o  s e r i o u s l y  cons ide r  

t h e  s e a s o n a l  changes of the  mar t i an  p o l a r  caps ;  he used the  p e r i o d i c  growth 

and r e c e s s i o n  of t hese  condensa te  d e p o s i t s  t o  l o c a t e  the  p l a n e t ' s  r o t a t i o n  

a x i s  r e l a t i v e  t o  i t s  o r b i t a l  plane. Since t h a t  time numerous obse rve r s  have 

recorded  t h e  seasona l  c y c l e s  of the  po la r  caps ,  p a r t i c u l a r l y  the  cap  

r e g r e s s i o n s  which are most e a s i l y  observed from Ear th .  The q u e s t i o n  of 

i n t e r a n n u a l  v a r i a b i l i t y  i n  t h e  seasona l  cap cycle has  been v igo rous ly  debated 

o v e r  t h e  years. Desp i t e  t he  €act t h a t  i t  is more d i f f i c u l t  t o  observe ,  t h e  

n o r t h  cap  has been the  s u b j e c t  of most a t t e n t i o n  r e g a r d i n g  v a r i a b i l i t y .  

Antoniad i  (1930) cons idered  p o l a r  cap drawings by h imsel f  and o t h e r s  spanning 

t h e  per iod  from 1856 t o  1930; he  noted v a r i a t i o n s ,  p a r t f c u l a r l y  i n  the  n o r t h  

p o l a r  cap ,  which, he sugges ted ,  were c o r r e l a t e d  w i t h  t h e  s o l a r  a c t i v i t y  cyc le .  

More r e c e n t l y ,  Parker ,  Capen, and Beish (1983) have a l s o  noted v a r i a t i o n s  i n  

t h e  n o r t h  cap's r e g r e s s i o n  s i n c e  1963; and Iwasaki ,  S a i t o ,  and Akabane (1982) 

have r e p o r t e d  more s u b t l e  d i f f e r e n c e s  between t h e  n o r t h  cap r e g r e s s i o n s  of 

1977-78 and 1980. D i f f e r e n c e s  a l s o  appear i n  d a t a  based upon Viking o r b i t e r  

images (James, 1979 and 1982), a l though t h e  incomple te  l o n g i t u d i n a l  coverage 

i n  those  d a t a  rendered such a conclus ion  weak. On t h e  o t h e r  hand, Do l l fus  

(1973) found very  p r e c i s e  r e p i t i t i o n s  i n  t h e  n o r t h  cap's behavior  based on h i s  

o b s e r v a t i o n s  in 1946, 1948, and 1950. 

The south  p o l a r  cap r e g r e s s i o n s  could be a more s e n s i t i v e  measure of 

i n t e r a n n u a l  climate v a r i a b i l i t y  than those i n  t h e  n o r t h  because Mars is  

s u b s t a n t i a l l y  c l o s e r  t o  E a r t h  and has a l a r g e r  a n g u l a r  d iameter  du r ing  s o u t h  

c a p  r e g r e s s i o n s ,  i t  is l a r g e r  a t  i t s  maximum e x t e n t ,  i n s o l a t i o n  is maximum 

d u r i n g  i t s  r eces s ion  and i t  t h e r e f o r e  subl imes  more r a p i d l y ,  and t h e r e  is less 

confus ion  due t o  c i rcumpolar  c louds  and hazes  d u r i n g  the  southern  s p r i n g  
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season  than  the  corresponding season  i n  the  north.  S l i p h e r  (1962), comparing 

d a t a  on t h e  s€ze of t he  sou th  c a p  a t  s u m m e r  s o l s t i c e ,  remarked t h a t  "agreement 

among v a r i o u s  observers  ... is remarkable" and used photographic  ev idence  t o  

r e f u t e  earlier r e p o r t s  of v a r i a t i o n s  based on v i s u a l  obse rva t ions .  O r b i t i n g  

s p a c e c r a f t  have made a c c u r a t e  comparisons of d i f f e r e n t  r e g r e s s i o n s  p o s s i b l e ,  

a l t h o u g h  c o n s t r a i n t s  on temporal and spa t i a l  coverage have not pe rmi t t ed  t h e  

i d e a l  comparison of two complete r eg res s ions .  James e t  al .  (1979) used 

Mar iner  9 and Viking o r b i t e r  d a t a  t o  e s t a b l i s h  t h a t  t h e  l a te  phases of the  

1979 and 1971 r e c e s s i o n s  of the sou th  cap  were s i g n i f i c a n t l y  d i f f e r e n t .  

However, a comparison of t he  complete 1977 r e g r e s s i o n  curve  ob ta ined  by Viking 

and t h e  1971 curve  obta ined  by the  I n t e r n a t i o n a l  P l a n e t a r y  P a t r o l  sugges ted  

t h a t  t h e s e  d i f f e r e n c e s  d i d  not appear u n t i l  around Ls = 260°, when t h e  major 

1971 dus t s to rm prevented the  use  of subsequent images (James and Lumme, 1982, 

subsequen t ly  r e f e r r e d  t o  as I.). Comparison of t h e  1977 curve wi th  t h e  l a r g e  

body of ear l ie r  t e l e s c o p i c  d a t a  repor ted  by Sipher  sugges ted  t h a t  t h e  1977 

r e g r e s s i o n  (and by i m p l i c a t i o n  t h a t  of 1971) w a s  r e t a r d e d  r e l a t i v e  t o  t h e  mean 

of p rev ious  r e c e s s i o n s  du r ing  t h e  period n e a r  summer s o l s t i c e  (James e t  al . ,  

1979). P l a n e t a r y  P a t r o l  d a t a  f o r  1973 sugges ted  t h a t  t h e  sou th  cap might have 

r e t r e a t e d  more r a p i d l y  du r ing  t h a t  year than  dur ing  1977, bu t  t h e r e  were no t  

enough da ta  t o  make a v a l i d  conclusion. Iwasaki  e t  a l .  (1986) used t h e i r  

t empora l ly  more e x t e n s i v e  d a t a  set for  1973 t o  show t h a t  t h e  1973 retreat w a s  

f a s t e r  than  1977 o r  1971. These s t u d i e s  confirm t h a t  some i n t e r a n n u a l  

v a r i a t i o n s  do occur,  but t h e  e x t e n t  o€  t h e s e  d i f f e r e n c e s  and whether they  can 

be  r evea led  by t e l e s c o p i c  obse rva t ions  is s t i l l  somewhat u n c e r t a i n .  

Any hope of r ea l i s t i c  comparisons between cap r e g r e s s i o n s  must r e l y  on 

u s i n g  c o n s i s t e n t  d a t a  sets s o  as t o  e l i m i n a t e  s y s t e m a t i c  e r r o r s .  The 

measurements r epor t ed  by Fischbacher  e t  a l .  (1969) and by James and Lumme 
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(1982) were obta ined  us ing  t h e  same method (devlsed  by W. Baum) and equipment. 

Recause v a r i a t i o n s  between resul ts  obtained by d i f f e r e n t  r e s e a r c h e r s  u s i n g  

d i f E e r e n t  techniques  o f t e n  exceed t h e  appa ren t  i n t e r a n n u a l  v a r i a t i o n s ,  w e  have 

l i m i t e d  t h e  c u r r e n t  a n a l y s i s  t o  t h e  s e l f  c o n s i s t e n t  d a t a  reduced as desc r ibed  

by Baum and Martin (1973). 

SOUTH CAP DATA 

Since  the  same Martian season  can be observed from Ear th  j u s t  once i n  

f i f t e e n  y e a r s ,  t h e r e  are only  f i v e  dif  f e r e n t  photographic  d a t a  sets ob ta ined  

du r ing  o p p o s i t i o n s  o r  p a i r s  of oppos i t i ons  s u i t a b l e  f o r  in te rcompar ison  from 

t h i s  century .  F o r t u n a t e l y ,  t h e  south  cap  r e c e s s i o n  occurs  du r ing  f a v o r a b l e  

a p p a r i t i o n s  and t h e r e f o r e  y i e l d s  l a r g e r  scale images and is more h e a v i l y  

observed. Our most r e c e n t  d a t a  from earth-based o b s e r v a t i o n s  is  I n t e r n a t i o n a l  

P l a n e t a r y  P a t r o l  photography from 1971 and 1973, measured and analyzed i n  I. 

We have reexamined t h e  d a t a  from the s tudy  of t h e  h i s t o r i c a l  p l a t e  c o l l e c t i o n  

conducted by Fischbacher  e t  al .  (1969) s p e c i f i c a l l y  looking  f o r  v a r i a t i o n s  i n  

t h e  sou th  cap r e c e s s i o n  through comparisons wi th  t h e  more r e c e n t  1971, 1973, 

and 1977 da ta .  Because t h e  s o u t h  cap does n o t  recede  symmetr ica l ly ,  w e  have 

p l o t t e d  r e g r e s s i o n  curves  for f o u r  d i f f e r e n t  a r eograph ic  l o n g i t u d e s ,  30" 

l o n g i t u d e ,  t h e  approximate l o c a t i o n  of t h e  s lowes t  r e c e s s i o n ,  120°, 210°, and 

300". The d a t a  were binned i n  10" bins c e n t e r e d  on every  10" of Ls 

( a r e o c e n t r i c  l ong i tude  of t h e  Sun) t o  o b t a i n  the  median curves  shown in Figure  

1; the  1977 curves  are a l s o  shown for comparison. Th i s  diagram c l e a r l y  

demonst ra tes  t h a t  t he  asymmetry of the cap becomes most pronounced w i t h i n  t h e  

i n t e r v a l  between Ls 240" and 2 6 0 ° ,  which is a l s o  t h e  per iod  of most r a p i d  

r e g r e s s i o n  a t  a l l  a r eograph ic  long i tudes  and is t h e  time of p e r i h e l i o n  €o r  

Mars i n  its o r b i t  about t he  sun. 



The median r e c e s s i o n  crirves shown i n  Figure 1 were u s e d  as s t a n d a r d s  t o  

compare wi th  the  r e c e s s i o n  curves  from each a p p a r i t i o n  covered by t h e  s tudy .  

The only years  which had v a r i a t i o n s  from t h e  medians which were c o n s i s t e n t l y  

p o s i t i v e  o r  n e g a t i v e  were 1939 and 1954, which were s lower ,  and 1956, which 

was f a s t e r .  The 1977 r e c e s s i o n  appears t o  be somewhat slower than the  median 

d u r i n g  t h e  per iod  around summer s o l s t i c e ;  t h i s  is  apparent  on F igure  1 f o r  t h e  

l o n g i t u d e  where t h e  cap  i s  l a r g e s t ,  30" (James e t  al . ,  1979). The 1971 

r e c e s s i o n  is very  similar t o  t h e  median and to  1977 u n t i l  roughly Ls = 260" 

when a sugges t ion  of a c c e l e r a t i o n  of 1971 r e l a t i v e  t o  1977 occurs ;  t h i s  is  

c o n s i s t e n t  wi th  t h e  later summer behavior. 

s u g g e s t  a more r a p i d  than  average  r e c e s s i o n  t h a t  y e a r ;  t h i s  w a s  supported by 

t h e  o b s e r v a t i o n s  of Iwasaki e t  al. before  Ls = 250". 

The 1973 d a t a  a f t e r  Ls = 250" 

1956 Data 

Because t h e  q u a l i t a t i v e  look a t  the s o u t h  cap r e c e s s i o n  d a t a  d i s c u s s e d  

above sugges ts  t h a t  t h e  1956 r e c e s s i o n  is  advanced r e l a t i v e  t o  t h e  mean and 

because t h e  1956 d a t a  are by f a r  t h e  most e x t e n s i v e  of t h e  h i s t o r i c a l  Lowell 

d a t a  set, a more d e t a i l e d  comparison of t h e  1956 d a t a  w i t h  those  of 1971, 

1973, and 1977 has  been undertaken. 

F ischbacher  et al. may smear over  per iods  of s i g n i f i c a n t  changes i n  t h e  s o u t h  

p o l a r  cap, t h e  d a t a  were rebinned i n  2" Ls i n t e r v a l s .  

i n  t w o  d i f f e r e n t  ways. F i r s t ,  t h e  r ad ius  of  t h e  cap on a p o l a r  s t e r o g r a p h i c  

p r o j e c t i o n  and t h e  displacement  OE the c e n t e r  o€ t h e  geographic  pole  were 

determined as d e s c r i b e d  i n  I. 

i n t e r v a l s  f o r  which a t  least  t e n  d a t a  p o i n t s  e x i s t e d  i n  t h r e e  of t h e  f o u r  

l o n g i t u d e  quadrants .  The r e s u l t s  of t h i s  a n a l y s i s  are l i s t e d  i n  Table  I which 

r e c o r d s  t h e  a r e o c e n t r i c  s o l a r  longi tude ,  Ls, t h e  number of d a t a  p o i n t s  

Because t h e  10" Ls b i n s  used by 

The comparison was made 

These va lues  were determined only  f o r  Ls 
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measured, t h e  cap r a d i u s ,  t h e  s tandard  d e v i a t i o n  of the  d a t a  po€nts (no t  of 

t h e  mean), and the  x and y displacements of t he  cap c e n t e r ;  n o t a t i o n  i s  as i n  

I. The r e s u l t i n g  r e g r e s s i o n  curves  a re  shown i n  F igure  2. 

The second method of comparison involved the  behavior  of cap r a d i i  i n  two 

conf ined  ranges of Longitude. For these  purposes the  l o n g i t u d e  ranges  chosen 

were 20'-40°, where the  cap r a d i u s  is maximum, and 180"-200", where t h e  cap 

r a d i u s  is minimum. The r e s u l t i n g  r eg res s ion  cu rves  f o r  t h e  f o u r  d a t a  sets f o r  

t h e s e  l i m i t e d  long i tude  ranges are shown i n  F igu res  3 and 4. 

It can be seen from F igure  2 t h a t  t h e  ave rage  cap r a d i u s  f o r  1956 i s  

s u b s t a n t € a l l y  less than t h a t  OE 1971 o r  1977 from Ls = 230" t o  Ls = 270'; t h e  

p o s t  p e r i h e l i o n  cap r e g r e s s i o n  i n  1956 appea r s  t o  have a l s o  been more r a p i d  

than  1973. The s t anda rd  d e v i a t i o n  of t h e  means f o r  t h e  1956 d a t a  p o i n t s  i n  

Table  I are given by the  q u o t i e n t  of the s t a n d a r d  d e v i a t i o n s ,  CY, and t h e  

s q u a r e  r o o t s  of t he  number of measurements, n; t h i s  i s  t y p i c a l l y  less than  

0.002 o r  0.2'. Therefore ,  t h e  d e v i a t i o n s  of t h e  1956 d a t a  p o i n t s  from t h e  

1977 and 1971 curves  are a l l  a t  least f i v e  s t a n d a r d  d e v i a t i o n s  between Ls = 

230' and Ls = 275', and t h e  r a d i i  are c o n s i s t e n l y  smaller. 

s u p p o r t s  t he  t e n t a t i v e  conclus ion ,  voiced i n  I, t h a t  t h e  1956 r e g r e s s i o n  

was " fa s t " .  

This  s t r o n g l y  

The a c c e l e r a t e d  r e g r e s s i o n  i n  1956 can a l s o  be seen by comparing t h e  

asymmetry parameters,  xo and yo, from 1971 and 1956. There is much more 

sca t te r  i n  t h e s e  numbers from both  years because they  are much more s e n s i t i v e  

t o  asymmetr ica l ly  d i s t r i b u t e d  d a t a  poin ts .  However, t he  behav io r s  of ~0 and 

yo a l s o  sugges t  t h a t  the 1956 jump (see F igu re  9 of I) occurred  roughly 7' of 

Ls ear l ier  than i n  1971. 

The r eces s ion  curves f o r  f i x e d  long i tude  ranges  shown i n  F igu res  3 and 4 

a l s o  show t h a t  t he  1956 r e c e s s i o n  w a s  a c c e l e r a t e d  r e l a t i v e  t o  t h e  1971-1977 
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s tandard .  A comparison of  t h e  two f i g u r e s  a l s o  l e a d s  t o  s e v e r a l  i n t e r e s t i n g  

conclus ions .  

225" and Ls = 245" is i n d i c a t i v e  of t h e  asymmetry i n  t h e  s o u t h  cap subl imat ion  

which is a l s o  r e f l e c t e d  i n  t h e  growth O E  xo and yo a t  t h e  same ttme. The 

a c c e l e r a t e d  1956 r e c e s s i o n  i s  f i r s t  s i g n a l e d  i n  t h e  190" curve; t h e r e  is no 

n o t i c a b l e  d i f f e r e n c e  i n  t h e  30" r e g r e s s i o n  curve u n t i l  n e a r  p e r i h e l i o n  when 

i t ,  t o o ,  s u p p o r t s  a more r a p i d  1956 recess ion .  This  could be a h i n t  t h a t  i t  

is  C02 d e p o s i t i o n  i n  the  cap i n t e r i o r  d u r i n g  win ter  which is v a r i a b l e  r a t h e r  

than  t h e  s u r f a c e  h e a t i n g  a t  t h e  per iphrey  dur ing  spr ing .  

The rap id  divergence of t h e  30" and 190" curves  between Ls = 

DUST STORM DATA 

Can v a r i a t i o n s  i n  t h e  r e c e s s i o n s  of Mars' s o u t h  p o l a r  cap be a t t r i b u t e d  

t o  major d u s t  storms? Mar t in  (1984) pointed out  t h a t  major d u s t  s torms do no t  

occur  r e g u l a r l y  and t h a t  they  have s t a r t i n g  d a t e s  spanning a t  least a t h i r d  of  

a Mar t ian  year .  S i n c e  t h e s e  l a r g e  storms can begin a t  d i f f e r e n t  p o i n t s  on the 

c a p ' s  r e c e s s i o n  curve,  t h e  q u e s t i o n  of a c o r r e l a t i o n  i s  n o n t r i v i a l .  Because 

w e  are o n l y  d e a l i n g  wi th  f a v o r a b l e ,  well-observed a p p a r i t i o n s ,  i t  is  

r e a s o n a b l e  t o  assume t h a t  any s torms t h a t  might have been l a r g e  enough t o  

i n f l u e n c e  t h e  cap ' s  r e c e s s i o n  ra te  would have been observed. Loca l ized  d u s t  

s torms  could have remained undetec ted ,  bu t  any l a r g e  s torms of a week o r  more 

d u r a t i o n  would have been recorded. Table I T  i s  a complete l i s t  of a l l  large 

d u s t  s torms  t h a t  have been photographica l ly  documented. No large storms were 

observed i n  1939 o r  1954, when t h e  south cap r e c e s s i o n s  were s lower than t h e  

median. Both of t hese  a p p a r i t i o n s  were i n t e n s e l y  observed,  i n c l u d i n g  

o b s e r v a t i o n s  by Lowell Observatory e x p e d i t i o n s  t o  South Afr ica .  It is 

u n l i k e l y  t h a t  l a r g e  s torms occurred  during t h e  i n t e r v a l s  covered by our  p o l a r  

cap  r e c e s s i o n  measurements. The storms of  1922 and 1969 probably were no t  

9 



l a r g e  enough t o  have an e f f e c t  upon the s o u t h  cap, a l though d a t a  on the  1969 

s to rm are sparse. 

I n  1956 t h e r e  was a s u b s t a n t i a l  p l a n e t - e n c i r c l l n g  storm commencing a t  L, 

= 250'; t h u s  the  cap was subl iming  f a s t e r  than  t h e  median before  t h e  d u s t  

s torm began. There were two p l a n e t - e n c i r c l i n g  storms i n  1977. The f i r s t  1977 

s torm began much ear l ie r  i n  the  season than  t h e  1956 storm, o c c u r r i n g  s h o r t l y  

a f t e r  t h e  cap had begun i ts  r eces s ion .  Although the  e a r l y  1977 r e c e s s i o n  

phases were near median, o r  even somewhat ahead, du r ing  t h e  per iod  between 

s to rms ,  t h e  r eces s ion  rate e v e n t u a l l y  slowed t o  a rate somewhat below t h e  

median. F i n a l l y ,  a f t e r  t he  second storm began, t h e  r e c e s s i o n  rate a g a i n  was 

s e e n  t o  be near the  median. The two 1977 s torms  were f a r  from i d e n t i c a l  and 

probably  produced d i f f e r e n t  e f f e c t s .  In 1971, a ve ry  i n t e n s e  g l o b a l  storm 

e l i m i n a t e d  the  p o s s i b i l i t y  of earth-based o b s e r v a t i o n s  of the  p o l a r  cap 

s h o r t l y  a f t e r  t he  storm began a t  Ls = 260'. 

s u g g e s t  an i n c r e a s e  i n  the  r e c e s s i o n  rate a t  t h a t  time. A f t e r  t h e  g l o b a l  

s torm c l e a r e d ,  Mariner 9 images showed the  r e c e s s i o n  ra te  was ahead of t h a t  

s een  i n  t h e  Viking p i c t u r e s  taken  i n  1977 (James e t  al.,  1979). This  is not  

s u r p r i s i n g  s i n c e ,  a l though two s torm years were being compared, t h e  1971 storm 

w a s  much l a r g e r  than e i t h e r  of t he  1977 storms. Both years had e a r l y  s to rms ,  

s o  the  s i m i l a r i t y  of r e g r e s s i o n  curves is no t  s u r p r i s i n g .  The 1973 

p l a n e t - e n c i r c l i n g  storm began t o o  l a t e  i n  t h e  season  t o  have much impact on 

t h e  cap  r eces s ion .  Neve r the l e s s ,  Figure 2 s u g g e s t s  a p o s s i b l e  pre-storm 

e f f e c t  s imi la r ,  but less pronounced than observed i n  1956. 

The last  two 1971 d a t a  p o i n t s  

The d a t a  on the 1956, 1971, 1973, and 1977 s torms  and r e g r e s s i o n s  are 

c o n s i s t e n t  w i th  the  p r o p o s i t i o n  t h a t  r e g r e s s i o n s  a s s o c i a t e d  wi th  e a r l y  s p r i n g  

s to rms  (1971, 1977) are slow compared t o  those  t h a t  a r e n ' t  (1956, 1973). 

However, t h e  obse rva t ions  of t h e  l a t t e r  o p p o s i t i o n s  d i d  no t  i n c l u d e  t h e  

10 



necessa ry  e a r l y  d a t e s ,  and t h e r e  are t h e r e f o r e  no hard d a t a  t o  rule out  e a r l y  

s torms  i n  those years.  Also,  t he  1939 and 1954 r e g r e s s i o n s  appear 

q u a l i t a t i v e l y  t o  be slower than  e i t h e r  1971 o r  1977; but those  yea r s  d id  not  

have any w e l l  documented storms. Thus, t h e  d a t a  are c o n s i s t e n t  wi th  but do 

no t  r e q u i r e  t h i s  p ropos i t i on .  

The p ropos i t i on  t h a t  pos t  p e r i h e l i o n  s torms  accelerate cap r e c e s s i o n  does 

no t  seem t o  be p a r t i c u l a r l y  suppor ted  by t h e  da t a .  1971 is p o s s i b l y  

c o n s i s t e n t  wi th  t h a t  assumption, a l though t h e  d a t a  are on ly  sugges t ive .  The 

d e v i a t i o n  from mean i n  1956 precedes  the 1956 s torm by almost 20" i n  Ls. And 

t h e  e f f e c t  of the la te  1977 storm seems t o  be i n  the  o p p o s i t e  d i r e c t i o n .  The 

1973 s torm d i d  no t  occur u n t i l  t h e  cap sub l ima t ion  was almost complete and 

would n o t ,  t h e r f o r e ,  be expec ted  t o  have had a l a r g e  e f f e c t .  

One must temper any such a t t empt  t o  c o r r e l a t e  d u s t  s torm a c t i v i t y  wi th  

cap  r e c e s s i o n s  wi th  t h e  r e a l i z a t i o n  t h a t  t h e s e  major s torms  are unique 

e n t i t i e s  wi th  d i f f e r e n t  geograph ica l  e v o l u t i o n ,  d i f f e r e n t  o p a c i t i e s ,  and 

perhaps even d i f f e r e n t  d u s t  composition o r  s i z e  d i s t r i b u t i o n .  Thus, a t t e m p t s  

t o  c o r r e l a t e  on ly  with the  d a t e  of f i r s t  o b s e r v a t i o n  is a g r e a t  

o v e r s i m p l i f i c a t i o n .  Also,  i n  high l a t i t u d e s  the  l a r g e  and v a r i a b l e  inc idence  

a n g l e s  f o r  i n s o l a t i o n  make t h e  e f f e c t s  of a e r o s o l s  on s u r f a c e  h e a t i n g  very  

s e n s i t i v e  t o  v a r i a t i o n s  i n  p h y s i c a l  parameters even i f  t h e  geograph ica l  

d i s t r i b u t i o n  of dus t  o p a c i t y  is known. The g e n e r a l  background o p a c i t y  du r ing  

1977 seems t o  have been g r e a t e r  than  during y e a r s  l a c k i n g  s torms ,  s u g g e s t l n g  

t h a t  the i n f l u e n c e  of t h e  temporal h i s t o r y  of t h e  major s torms  may be 

d iminished .  And the  tempora l /geographica l  d i s t r i b u t i o n  of  t h e  l o c a l i z e d  dus t  

s torms  near  the  south  p o l a r  cap i s  unknown as is i t s  i n t e r a n n u a l  v a r i a t i o n .  

Thus the  l ack  of more p o s i t i v e  c o r r e l a t i o n s  is  l i k e l y  t o  r e p r e s e n t  o u r  l a c k  of 

d a t a  on the  e n t i r e  range of d u s t  phenomena i n  t h e  years i n  q u e s t i o n  r a t h e r  

11 



than  a r e f u t a t i o n  of t h e  g e n e r a l  i d e a  t h a t  d u s t  can e€€ec t  t h e  CO2 c y c l e .  On 

t h e  o t h e r  hand, t h e  s t r o n g  s i m u l a r i t y  between t h e  s e a s o n a l  p r e s s u r e  v a r i a t i o n s  

observed by Viking landers  dur ing  th ree  y e a r s  with very  d i € € e r e n t  d u s t  

h i s t o r i e s  would a l s o  imply such a lack of c o r r e l a t i o n .  These q u e s t i o n s  can be 

answered o n l y  wi th  better models and more data. 

This work was p a r t i a l l y  supported by NASA g r a n t s  NAGW-742 and NAGW-638. 
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FIGURE CAPTIONS 

Figure  1: Median r e g r e s s i o n  curves  fo r  fou r  d i f f e r e n t  l ong i tudes  are shown 

o f f s e t  from each o t h e r  by 10' on t h e  o r d i n a t e  scale. The 1977 curves  ( s o l i d  

l i n e s )  a r e  remarkably s€milar even though they were de r ived  from Viking 

imaging. Some of t he  s t r a i g h t  s e c t i o n s  i n  1977 are due t o  a l a c k  of Viking 

o b s e r v a t i o n s  a t  some long i tudes  and L, per iods .  

F igu re  2: The r a d i u s  of t h e  sou th  polar  cap  r e l a t i v e  t o  i t s  c e n t e r ,  which is 

d i s p l a c e d  from the  geographic  pole ,  is presen ted  as a f u n c t i o n  of a r e o c e n t r i c  

p o l a r  l o n g i t u d e ,  Ls. The cap  r a d i u s  i s  g iven  both i n  terms of deg rees  and as 

a d imens ionless  r a d i u s  measure on a p o l a r  s t e r o g r a p h i c  p r o j e c t i o n ,  as i n  I. 

Data are presented  f o r  1956 ( s o l i d  c i r c l e s ) ,  1971 ( x ' s ) ,  1973 ( + ' S I ,  and 1977 

(open circles) . 

Figure  3: The l a t i t u d e  of the  s o u t h  po la r  cap edge is p l o t t e d  as a f u n c t i o n  

of  Ls f o r  l ong i tudes  between 20' and 40', t h e  p o r t i o n  of t h e  cap which r ecedes  

most slowly. Nota t ion  is t h e  same as i n  F igure  2. 

F igu re  4 :  The l a t i t u d e  of t he  sou th  po la r  cap edge f o r  l o n g i t u d e s  between 

180' and 200' where t h e  r e c e s s i o n  is  most r a p i d ,  is  shown as a f u n c t i o n  of L,. 

The n o t a t i o n  is  the  same as i n  F igu re  2. 
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